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This at~erif waS 4wn ALS in or-Iintsttan tal toa an II.r For,:* grrap

viniting AMD Its United pm jJs 'Ali el~mntL4.7 *4pohition of some

conceptual issues t%.At art rvlevant .for a critical understrAndi of

Spotas Analysis. )hny -ocewptual stbtisties arA aln issues of cnAljti-c

Talks on this subject by soveral WAD odflsagvee hanm Isee drawn an

freel3y Athout spnifio citation,, "sedaflj thou. of C. J . Hitch C

AMreidatton of Srsta.s An& Its The RANDB CorponationD P4699),

1#.X. IoKean, 3. D. Sp*.htj wan A. J. Vohlstett-tr, and I a indebted

espeeil41 to t. K. Kaplam for belptul criticims.
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a rm 7 a! artoa.4n .4oy -A ~ .i s~w datt,±doion *xiuts* For

tne =01ent lilt 30 W0 AM-411 that. t7 3y7itaV Ar~A1lu1s VO Dean A WSyt~Atid

miad-tion af a problmm of choi.-s 1-i *hich each stop of the sAall7Uis Is

made explicit wtiorwvor possible. Couisequant~lj 've coatrast Sjotma Analsis

with a ==onr of rsachiug decisions that Is largely intuitive# pe&.1TU

maysytsmtiop and in ALiA m.ob of the implicit srgmsent resains hidden In

the mind of the d4eis1,.- .sker or his advisor*

Syotow ArAlrWiu Is an @utpowth of worl4 war nX Operations Research,

altiwuh it t~picafly deals with cheicos thMt @foonf operations farther

ahead In Limp. and takes a somewhat broader isoic at probl180 of MiltaY

"Aj cljise. Analnas at SAND for sza~lss typicany oonsider what equipment

* to procre and devlop for the Air Toros of the fttvre. Coo"Wqut4~ the

aal ow. that are relevant differ a good deal from the Opowatioos Research

of W~rl wear 13. Dealln with, the f~urv, we ae loss toerie y the

spse5.fi equipets midi xoes of operations that ve appa to have At tMW

i~t . We have pester fladb13ity and range of ehotao..

Yds 8ffermat bt~ween a Wald1 Ur UX kind of Operatism Resourb

ead gyrtme Analysirs is Usee a =tter of substnee than Of dePee.

commoir, for SMqle, the pm'.has of a usse. If ar e inteOete In

bqtft an old hem.,p an aseomiAto deelsion about huamituar AUl be

mlaived. (ig aspeet of that decision =W be the ohoico of a refrigerators,

wdw m, fiM &.hit a spa. onl~y 0Imbee wide cdM In the kidthen for

& r~ftrigetrst that the hoess Is wired .aly for US 'volt cwrrent AM-d

~~4 0 tMttw as line. are aMailb2j Conoq~sast2 ow shales of refrigeratore



V . A t U

"hooe v. ca h.ave,, Ln"ludLi' a rr.,.g.r,-4 .r, 4s wile-opn. We az-9 -.

an4.gr eorantmrined to think the r-itrigirtor aust be no mrs thanu 30

Snobes w14e,, ar4 ve can eansider th~e alternativi of a gas rather thAn an

electrio re Mijeator, or evem an electric refrigerator that will uttilis

22 volt, current rather than US volt. if that alternative ise relevant.
oer tsae, •elmrostancea, or range of choice Is far broader And the

nmber of AlternativeO that a" relevant is aoaqumently far greatar.

Woether we speak of oh.osing rfrigmtro or nilitarx7 systW s,.
*0 eoospo$al ealmts are inmvove en Vever in 3hoom3 n•tLlw7 ,

w Utr to be o the objeatve ww vish to attain againat the osts or

their attaijamate In doing so certain ==n questions art Always In-
telved. 7iret, %dt are theo'elwmnt alternatives a~fte? Senmds Amt

is principle is the teat of preferr $as that we ought to apply In

oeooing amnng altrnative? In other wdse what is or criterion for

Shaeo? Ando thrd, how do we V abeut the actual peose of vm1ing

.bjoet~ve against sosto In the soloatlen &agq altomratiml. To uwe a

word that - AlU 4dsmi•es little latOr, What I0 our fod.?4 Of the

siftuatIs? 1s0 dO WS P About aOP2714 It. 12d hGw d& U Lnt4ePrQ the

ieulta?

LJt tma first to tho question of the altornatives that amv

Iaevant. Tore awe tw classic emrs thas am be made here. ZUh

*Matsu of going to an un=tmle extime positiea. Consider tin the

me amr, WAsh It to Iok at an wdu4 rostricted reW of alternatives.
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fL3,hior.no 3:tr:-:4r,. 0?l .zotirie, tiiers atr certa.LA U1ZA,2

aur rsr~t of Ch@ice trbitrstrlj int th,'s ray. It probably zokss the

analyiis far mor ecrrtvamnt. Th en arv far fewer AjZ4tr A..atln t4 eon-

aider, uan we art less bedevriled by the prblam of choosing. But we may

pay a very high price fur such a gonvnidence. When we iapose, our *on-

4 etnaiate arbitnflily, *eo of the noltaded alteornatives m7 be far better

than the =*ae left tr. choose from. This is a good ray to Set. a bad

* refripnator.

It Isan equally good way to get a bad military sp-tm. Consider

this possibility as an Illustration. It is ver7 oonruniaat for the

ainnft, dee'4per,, torn by doubt about the* vsie and other relevant

*hancteristinos f the payload that his airplam . 1U carr anu yeoars

boee., atmpl. to easae that the physical configun~tiorn of a bomb 412.

then be pretty mocb what it is today. Slimilrly it my be very eem-rrnuiat

for the designer of bombs to "swwe that the bomb Ws of the utur. 141
'VI

I be of the sma capacity as those of em-ret aelse. Mu look what eam

resualt from mah Oared omouweieue. The sirplmne designer my believe

that his airplane cut be big in order ta bs able to carr7 a beub as big

ae the owiarrt am*** In turn the lendia spanj flther it be fixed or

fleetinwg, =W haves to be big. We sAd up Ath & oami natioa of big bomb,,

big airplane, end big taMing space., Ye-t it Is quits possible that a mre

.fftelet% yspate an tb he tle seuld be devised- Vy mcening S bcb small

la sts. 12 not in bang 4ith a mall airplane, openting frou cist"n sall
eirfielia or cantero. fljtwol auc .loter syutem would wt t:s possible,



k,4*i11 if ve 1OOk &tý an rnCC7 M.rt n -,sf %It,v-rr~tj rlS '3 :Ig

with, 'we zay- never qcnn pos-9t fle c7¶lstal In the *'- rit3t 'a,". Nnd M2tir.l

a no-at a&swer. to the woas cTuestton ray7 be wersea thst &n incsgP!.ta

answer to the right question.

W. can avoid the ewopr of loocking at an unduly narrow range ofala-

natives by specifying th.at ws shaLl look only at broad Vsyfte foe a

oearison and that &Ul of the altramtivvs that are relevnt in a brrad

system w.ll ble zoenlas±ond Z% terms of the gave m'utnatbl, we can

try to look at afll possible combinations of bicubs of the Nt=-e with

"arlanes a" bases* of thes ft-,tu. Tha rc..U *W17v.call- ~.

hur. raisee, of course, is tVat *f aorkability. The nne inolusine the

systeo the mor al1ternat~es tint ame relevant, and the. peattr the

difficulties of Comparison.

Te& few. peOple approdiate the sAriifold alteanatives that are avail-

able Ae oft cue iks at a nelAde~lr unconstrained situation. Consider the

siMplest sort of arithmetic illstrstlion. In sewing What boming airplane

ae ought to design for the Nutur, let us ooncewtrate arbitnri4l for the4

nmat -onJust three obviousaly pertinent chanrvteristios - ranespe9ped

and po~laad. Pbre of srq oae of these is ob'vtonisy a good tvLnh( iA 4

itmself We shctald like to fly fartherp faster, arA with a biuer palo*A.

late of wcan", ve soldoe rs 'm of these wltinut cost. Indoen, In

reirmnt ueaswesi prebabty sen siolders norl of any cne of thesoecAracter-

* isice 2 p~lorn oe oi at tlle :*1t af the other two, 1st &ZAj-ra at t.het



ha*a J!6sAl Ir~n '? a na4 t 9 W~;~ flub,&,Ig ;. YM)W i4 'A7 Sa*-

2fie ~3 tl~vsv th,* ;.hrst~rix+Uj -o WO ýS'e. We mn.'

ssnver this --us~tiof b7 u~ing th* IiiAgrz' giyi lbelvw in C&tI* If we

take Wn one of these 4cn%*rtotrlstiis as a b~ginzd±'j pinti, It can uSSAM*

either of its two values - ?igh or low. hch of these valus* in t,=w

s" be maahohd V with either the bigh or the low Yvalu* of tho seioord

thuwmoer~isties so that. we haefour diatlziot cumblatieia* Aa0 h of

thee. osinbinAtions ia turn can t~hin be zateohd ultha either the hi1&h *r

* ~the low Yralu*e *f the third abhmera. steiet. Wbat we sd up with wor (2)

*(2)(2) or 8 S bztes

The Ei2abt' f aembn--tlone of jig.4~ r; -Af two m~tiplied b?

* ~tkx'4m, iv.e s1.x, buti rather tw~ to the third power, whiah .qaal3a i~hts
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ttin3, and 11hitrrs r ts.Žý? e if W-2 in:Lt-uo OrnIj ten

ehansi:::eof intere*st, srii still rsctrt.-t oursttrn) to but. t

values *f ach, the rnazber *f rolatan~t ctubinAtione is (2) 10or about

1#000o The difference betwee~n j and 9 t:zt1 cation' is mall., but the

d iffera Wbetwn 20 (2 tlose 10) and 1,000 is 2.srt. ?Ta12 o'diowhn we

start tith alea dntng% boards and are free to ornuider a&U alterriAtines

at interest iz a prvbla of the future, there are any aifliae of possible

altewrAtivee. The 7Slm to one of clhoosinsg sensdbly frng song that

lt t'bfl. Gvea tbat kLIM of a situAtion,. it is aenifstyaur

* fi~tr iiUyol to saY t?*;At We shOu~ld %dunlaIP all Llctn nA hrir

form asee ow they poerform a" then choose scn the.s It is ipmpeniv

to find aohemaper wrto cspare#tha. The bulk of the altsrnattvee art

be acinded 'by a comparison that utilizes Law, if azy, tools beyond

pencils, paper, end discrimin-ating thcUlm. Given that this is the

s4 toationO thr irs ImorsIt. a ease for maakn- the choice* on paer as oare-

Nu1l7 and "s ably as we can. Hence the d"sinbility of Syotams Analysis.

A ~Te notice that a&l I baye done in dilscussing the ruge of alterna-

tines is to point up thes errr of ping to either setree. ?be unduly

narrow maalysis wy exaudo the really zten-sting alterratives. The

lapoceibly broad oeAmprsor is simply out of the question. Dto~dy but a

tooi or & charlatan ever prertenis to IowA at all the universe aLM to

resolve all pob-Ias at the same tiae, evut though in principle thoee

* reblas are interle-pendect. In a g.zL.srtl dlbctwsi.n t.,Ar9 I-, Tver little



n, * pm'blcm of the citie.Q~q orZ t.st~ ot ;Tf 3nvdTs, that oug~ht,

to b* tood .In a p*Ait±~u1a pr obl is a1Iaa 43 us. 7a taks or. ajPt,;t

aour CUilitaz'7 ;mrblmu as am -=lopXS 1~t us C0zuidor the ciyostioan of

th#. prefaerWe *40no for the bamhor of the Auturto &4Voe., agair. arbi-

tzar'U.v'. that =47 turbo-44vt ftines wre at Iaeme. OZO P0031bls crituriis

for eboomairg amrig alterntive wginau is that~ of pounds af tbrust M

pouWm of .igine w'.ght. Clearly7 gratcr tbr±zt is davirabac! *V4&1.Vj

cleer~j, 1ibt mN;Lann are desirahls. Ve -mn lualinzc th n-s on barater-

isatic eg4in t the othor for the alternAtive enin! t-hat tn think v

9"1d ha'.. Th result of a oceparison xight appear as in CbArt 11 below.

0& t~he besi a of t~s comprism~ La2. e w swl4 pref or &4iae A its

Slow 1. But amy mmelble a .iwew .I1 !Jxatej oblerm t~ht this is

te sa1pla a 6±t4UiAm for enia che4~. It iesvs mut of accawnt in

fIprto 1a~* hX9amtcllat.14s and ther is ra anvarma thet these other



Žn~~~~tc~~~s'~~LU -3 L.1Yt.s tf'3 M5 ajz Ar-17~~h an2

theose 3z rewl.Tut qu.qtiar~ r4p t~hsy ý! not 3f.f? hj ~1rl It its

poes• ble that •.gine B is d3uide 7  aupsrior to A with teepeet , to one or

nrs of these ad-itiorAl ohartoteristioC, ckj thoena'I Z ritOUbtsdyT other

reletnt thamnuteriztic a a aswell.

Jtreover, we aaq not* in passing that there is one other qu••tion

that oert&Aia1y m=ght to be asked. What esie of acgine in absolute terms

results frtu fofLlong suh a criterion to the bitt-r and? It is possale.

that ve, acid get a 60,,000 pound thrust engine, one so big that we mi~ght

net be isentmsted in it at all. The use of a ratio as a critrion for

U chotce wields no anur•o• that the absolute scale of the openttaon in

question will be au intenestirza or tj wanmt onoe

-iven the difficulties tat we can get into with an obvionslT intuc-

plots tritorton, what are we going to do sbowt it? The on4 nky to rsowlve

the question is to look at the ccupLriaon LA tmew of the catex.t of a

broader "yst wtwno we cam bring a more oceplote, critorion to bear upon

flo probla. #o PwIns# vs *aun cionider the cost ext of a strategic

biug waten asa &whle. Sapp*n we take a reawnabldw irst of Soviet

targets fer a strategic bhMng oaayeip. a&d s~tpa~te that the objective

of all of the syste to be compared isato a&*Vfr as great a capability

of *eetroyta the" targets as possibl, for a given total btupt. (Ton

wl rtiao that I avoid al1 tueeton f what conatit4tes a wreasoable"

target.) fat% "as that cn be devised wll -a the greatest apbility

SIT"n the b~get constreint? -%#



in. r r.,? n kr a;-. n4!r.1

21 la~t lxktzr.r, IninA and =''ir.' enar 3 o v- 1 -44todt IL 4 ~r-iola i

weo4 nli 1sted the te&n,?ncal tar"sctertstios of sjngins A an Bp it !.

miel~j Utat we wuUA have, twa ocane:s *on oltr of chancateria tis Ln

which engine A wes the superior of =Zgtne 3, and a escond cooin of diffiP--

Offt characteristics in which engine B was superior to engine A. So

~jIexprssed, thert is noca dr#a.-znator in torus of which of these

* ~different characteristica can be compared. Such a liating would guaffice

for inlng & choice only if *ane engine uniformly dominated the otheor,

t'nt is, wes better in each chanacteristic. Om Juat does not expect to

' ~ ~ in ft O mt sort of dominance in in interesting proble. Xntonustk~

probles are typleafly not that easy. Therofore, in order to Mchs

* between tho two aigises we vast find £ way to reduce their divrsno merits

R~~~a dumerits to a aon basis. The onntext of the stratexiG bo'mbing

w.&systam a s %awhle makes it paceible for us to find that comao dmmnatator.

#1 Eah merit of £ partiewlar engane typ. tWends to bave its ixipet 5"t to=s

ofa socitrbution toward greater target capabiLity. Convrsely4 each

anrit. tends to bare Its effect In terms of decreased capability. The

=et effect of tae merits and demerts of sash An result in a f~hl-.A

osetributiem to toal system eapOabiity. Their ditferwtoos uan be

cirleseed in tome of the oomn devlnator of targetsl, amnvdawih WgCno

Is better can be established give. a lgket constraint.

qm bycn we dwetains, the, avroWrato scale, of the boakLtg kot&M±@

at issme? Now big s budget. sbdd we impoe- as a constraiat? I'. may



one re 'z - t ovi t~i# otheiir 4oes not, dapnd ,;;on h d-irr1

T.hAt ir, :acb.,e the t-w ii wt s.m3Iiyii to v iritior In the.

scale of theaapaign, If sop we ca mak~e a xtrotng riomrdto ifor

The criterion in our beabing caavpigri comparison is *zPres wd in

4twaa* of ixslztm tArget capability for a Zi~ia total budgeit. The otrit-

rian eold oqi~a117 woni ~U O*O the other Ve sazmqj in UeM of

* i~~inia'm total budget for at~O Sim gw ctapaUy, At any peWAi~i~r
awothwe. two *Vr~s~sIo* normully awmt to the same thing.* If we

prvss the criterion the one way, ws got a result like that saems In

0 The abuowual ww earn.ine thees ccprassicrn wold vat xwunt to the
same thing requires that one altern!ative be mno" v~piuivs than azmthor

* aZ law obJoet±Ye, lewtli, less cqena4v* #t bish obj*ectivv lavols, erA
haew the seas or lover total costs associatsd with higher ob~.lotiye
le"Isi, rat just lewer average mosos per vait of tbe objeative. ?his.
aso i MIq sikly in pwsatiao. H'OwVVwr for the ciwioutw

Sxppc* Altarnative A ea= got 5 targets at a ulimia east of $50a.
buatAlterntive 3 am set 5"t@ etamfat a 1zin ost of $55. If
we ams onj Inteoese 1A~ 5 tar'ests, A is wulstak~ably ow Gbecda. gat

appos e we lr-M iteret4 in *r% targets# and4 B aculd get *n 20 %&taret
at a total sest of $50 a. (a love tota cost than that ascouiated with
5 tuwgets for DI) while A could g&t w 20 targets only at a cost of 6
a, In this sass., I~t we ety-4s oc a ritQS'lG in terme of mxl om a
U.11ty fm a $50 so bwdgt,# we Set an manwer of 3 and 20 targets. All Is

ve&l. Mwad v&e aps~a *w eritsrimn in term of sdnima mset for
%moogt o, hswwr, uwe set an anaswr of A o" thme se soot of $50 million

ftffessmoe 4,ob wVweyu expess the ofitazl*6.
IMe tremble arosew In this iisuaual sose because tim. sawing of 'at

WW pw~i5jw&r ***Is" Is mobaus. bees total aw.aeea &-. =t4wUYU.' risin~g wil-A bigher objective laevsel, more than on* objective level to
assalasiad with am7 given test level., hk ambigity .. wisos in the uasual

&sale b4 refuens. itbar to a aost or an skjeetive level.
sKeUataii at(Z fAatTvtwcn 4.tf atsaa



,apiz %4a3O in t"a ziontnat ).t tra d~~~z: nzr~ Y i

di:ý&4 I-prissifin. )1 o. tactr- .inl 34r~t7a r4ina A otsr 3 th-at -4a3

.ert#,,r d by the ovrly 3ipla critfltion of mnxt traust ,sr pond Of

engine 'night (Char% 11).

?h. aooqApriorn in Chart MI is in titus of a iac~le of a $1 billion

b'wsgt (Purt 1) or 100 target. (Part 2). Au we try diffeirent scale. of

effert, notice tat happen.. At each scale that we try, eq .1 billion,

-2 billion, a d•• • oen, we shall try to establish that (ptu) tth w sa

target capability. One that system ha. been foundt , its coat can be

troua esd to a different chart that will gmrph the relationship betwe

the ==bar of targets that zn= be 4ustroed and the tot.]l coat ne•e'ssar

Intoddeno eff , such a chart qervms to donstnt. the falray of one

Oso~nnlj encoitered criteirion. What does it mean if scmbodjy says the

ariterion for this jeobis to get the mot for the least? The "lest' in

this ease mnem aewr dollar cost, taib inane we mon to the left in4

Port (2) of Chart IV. htt getting the *lost" uase that w destroy the

=ast t.rget., uddab meow that we go up. but ae cant gV up wan to the

ieft aiaultanseus3 in this chart. Higher capability mests higher seat

@en am htve detwrmied the efficiant svtes to be employed at vari4

eales of effort, Isah a *tritertoa Inwvese ws In a aiqie verbal eontn-

dAl tian. Tv seneri it into a inaniagttt prpnaitics, we wmt rsphnse, it,

by ueqng, wlst the meet for a sti4pulated cowt; ew, ultarnatinly, for a

stipolated Webetive get the least cost that yo can. 5

.4

____ __ ____ ___ ___ ___.- t.
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t~~l Ia £ TViJrnz A~az-iijt, 54,1 Y-xIt tra

=n&cei '.- stJ~ is s u -ftit: -. !,:)r thi~n tnt!tcr at

isWsue. I it.nivtS s At 'U~~t'I iz 7.-7 e1aar :Lz axv xi-A~riij

that. 4e CSflictv tfl*v r1~t~ .Anto ACcCitflt. 3OWt~t4 =41t be loft ci.t

in order to aa.o th" wn.yi rnable. Given tiat no 'rn to elýainats

nw~thing, we shall try to elim-inate the less iLportant a

Saomti~ec the problems of oar mlitary ar~aIymns are compared to the

probls of the *%nr of a racing .tuasi.wh wants to %&n a hon-e race to

be run am:Wyears hewc., on a track not yet built, bertwieen honeso not yet

r era. Rverybcdywould agree, that a prediction of the kiW of gnaza that

would grow in the irdfield of the ron track Is quit. niortant in the

t~~ * fl17318, and need not be included. &At somebody7 would certanly7 quaarrel --

r tth a failure to wooaid#er the oeWn~doa of the rmning surface itself.

Rat*le track fanciers tell as that s raesi tricks are faster than others,

and that -4= hnerss perform relatively mach better on slow tracks than

they do w. fast tricks. Ig4amw aon27 point to meothing at once i~or-.

tant wa difficult; we do not ten1 yu how t.2 do it. Row do youa decide

idoh factors to u~prsess and 'Which nems to Include? And yet an analymst

not say of isceesity supprsses as thines; it aggregates nmq of the

obdosaly Important thingsa that rota. A niult4Uliity of wmall things

meat be aw'napted. into a all umaber of annegeable big thing. OM4Y

Wmwe have dont this tfl -she prohia of ceqgarison be reduced to

innaeebl. dima~eansis Connequenst~ we shall simua~ate real lit. tcos-

plfl@1o by ocmcatating only =n th. things that ae think are tvwortant

and abotmatiM romt thes un±4bortant. In ther vords, %v uhall create a



bui2z :4.~rtas or Zt¶it ist~z:!rth, :n.z 1 aatt2cp11 dr
cosot. If -4a ivnt. to b4114 t-hi bust b~oxar, v4 n~k tVAt ;erorAr"O.-,x

oharactaristiis trt AttIZ'Ablo dxitLa the axpeetfld stat. of the art in

aircraft construction, -what relovant trade-offj can be vade anong those

oflamteriutics, and what defsrien future bouters xly have to face. There

aemny more relevant raestions that could be listed In either case. All

mist be answered as best they ca~ be in order to sake a aooparinen posaib-l.,

a ~and the better the azsioswre the better the ana4jsi. as a whole. There s 15

little are to uay at a level of general principle except that it is

1mpofl-mt that the var-ious degree. of confidence with which partielrAAr

* factors are estiated should be ezrnseeds aMd the variance attached to

particular eetiaattev is isportent as well as the beet guesses about the

sextStd sagnitudes.

Givem a oinno de.naiator with which to camsp"r pflsioa~llj diverse

tWages all or a good part &! the =odel will typically be quaatitative in

ohmnoter. Renae the talants, of the m atinof value elsaewtre ini

the eaa-iyia are indispensable at this stage. Ve tum to a xatboetician

jot so mah for his skll.1 in performing mass cU&tions as for Ui.

Isngnity In escaping thes. E~th Ju4pmt, *oe my be able to bell down

an wawrksbi large uomber of alternatives to a number Sidch, while

taisdably lug.,p In anageable. Uith ingerauity, one my be able to

guiastita.o mimplSIM for intricate athamtical manfltaiatioa. When all

* .of the tsnee tricks of the trade that pertt such reduction have beon



mitor v-, problan of choi.ce. 3.ut lbohir4 a&U of thtia is one troublasoam.

element of vhich youi are al &wax-*. Whern we talk of the ftuzre we ar-s

spos~diM of a future UaSgely uz~cwm#n Arq AnAIlyis of oaZZrrnt decisions J

that v-411 bind us in. the f'Aturs iAs plagued by the di!nvuiltiss raised br

maotainty. For vilitar7 studiess what will the tnaiy be lile in the

futua"? 1mw, good are our forecast* of thew taehnolagiaal ixprovten'ts

that, will be possible if we 411 QILI7 Sive the go-a&jead si =4 now to

certain davelpyet, and prodution~o pa'svamm And in the evet our xM~-

* ta7 de9Vi4%S are &satUafl QVe70d In the Nttwe, whst, ahanao .1mm-ta

idU belp to detewmiae their wesest Raw 2.uolq o waunluck wi we be in

the Wxariular aituAtlonh?

We are vicertaiza about ell, of these thingv, and our uzncawtaintr giyes

ug a tie-fold mrobluam. Boma*a we are to =wrk~wAin about the vegnituwies

of nmq of the important fa*Urs,, we dotift krav bow to push a comparison

betwvem a4teirat4ves to a definitive conoluian evmu whim we baye a

Widefte aritorion for ohae.U between thin. As if that wese not bad

weqgh# the forw4zltion of a criterion for choice In unoert~a~ii situations

my itbiif be eluinve. To take UW oai4Jest soert of emle different

epool say give different answers to tbo question of Wwther they would

pWefr a certainty of1$5 to one chances in twenty of getting 3100. Yet

Owe xot~bamticAl er.~etation of gLin lks the, sam IA beth canse. We eannot

fix cone definite criterion for chole. between these two that wiii apply to

al inf..t-



7 -1 A A$t 'iJ :- )ct ztS3id ottt~r 'xi~

Crlt* :-4YS 1. .t.rr taa4d %;yon IWIS tlofLnltr.3.I tOf

rtsClt. camnb t-istncd f:;r il.- -ritnitit4y to Thxrsn,s3 In vryof thtt fsc~ters

tat. tnter Into the 3r.Cpi5. W-j canu try An C~tarsd el of effort by

aasuairg a diffar'mt w~etn c=n doubia the stren.~th of the estimated

4may' defenses, uan so on,, cd see. wha~t such tests do to nu choices.

One, essential of =oat. sstas suna37n. is & battery of sensitivity tests

4that show how the results depend upon different factors, If we are lackq,

ue emerge idth % result that is ccnpasntivoCy izuenaitiv, to a wide range

of cbanis in av cq rithlet elsentas of the analysis. If we are wuluckf

w sane with at beat n~vcx 9ecamd*Lt ions, lho~ the factors

* mput which choictecriticafll depends, n the pert!auc~t uncertainties

tint It1, isqo~rtant to tUy to reeoln, wif have beta ca~rified.

Am dnl±~g with uncertainty, see kinds of stati1stical uccrtaintty

cez be trnted ec~licit2,y in Ohe model. This posuibility raises technical4

setters that I do not propose to go into herm beyoMn noting that the

cflterion eam be sornd in a emewb~at dIffhre'3t furs. Instead of

saeekzig the ad'iaza cost qwsta emg~k0 apt..m in of whichi have an cqpeo-

tation of attaining a eartain capabiLlity, the crit erion can be nephnsedN

for exaqila, in tenso of a esfidenoe level: %Cboeee the Least oogtl. ef

naipulatiws m be*LIefo.an syget aaoda ifrn* Iton



e ma.y . nt t. o r.om.A narl > nr i&s: tnot 21A is prerf-r7 to 3,"

-Js'l altarnotivfZ.r If *C*ph 1r , devilo, we ar i =uah loec ctaosrd

that 1foth will 't%* failues iv ;sq: pa mcnh "lta than that disvr %4= be

-- :a failure If we car•,,trtea 4molusively mp it * To mrevrt to our future

as*-ryc vent to reomne mWl iwl pntoms w~ot careul i. cnfersin trofo3,"

btr leelpk kat Vnspfr to sedk 3o t•om on* &elt fh lore t)ar onf

goSth1. sltenatis. Ik- os f booupwth oute dnejope, we v fre ess and th

prices of brood mares are high for blood lines of provd merit.

A

&tv~ostroen and thlanf decisions. One oat argue onglytA for systTfhn

th at t wiapon bnev an the basis that ne are lever tantat aeiotht wtt.b

& e faflure inw the concante ceoa iwo Mit.es of rnee typeo uar fIt

hersee bre caraoa ones st tuofpo"v resaltse carefll to uheousn twowf ea

pub voseI. a t prefer of sete arpe tfh one rolts ars awe tya one

thset of ptarest! ot resarch of coure, ttht 3±t t4 iee ed pr w th& ues

pad wr m afford mose of it. gh vfr, as we mof rved sari to late

der ha drdwaeldm the borun of•t wortaintc lessns, "nt headpgi lese*

wo~ositof Itrant valuwe.ntdcisin.dem ru oentlyy ti forioato sugsts tes

r.:?
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dePwr Our er&n*n crhoi~e to I tUA. Vilen Our deciadoti zan be a beotter ors.e

You oeties "ht none of thnej coasnieo t419 ;-On prwilaj vte';wat to

do La psrticular siltuations- It is very clear thAi; SyTtta A~l~yuis as

c'arruutay practiced, and probably As3 pRSOr..cs4 In the lfuture,, is much -no

an art tban a science. To be sure the 'na.'t ought to splAy whatever

available, soiwatific tools are appropriate at particu1ar places In the
analyis, but his operations &s a whole are not characteristic of "Solftae."

with 4% "vital "S.0 fl have streusM4 the part that judpiont p24ys at nwh4
* stage of a Systems kii#2pie. What scope sho-44A the analysis take anynn;

that is the spprapriat. balance that escapes bdozng onvrsaitsctznj big or

~unly oonstrisotd? What eritution Ought to be app~lied? What factors can 4

be sur~yessd in the analysis? Of tacees that remain, %tat degmea of

aggrogation of partimular faotonv is permissib~le? Blow enr they to be4

inniptalated? ~W Is the rweult to be Interpreted? ft.
b~rewer, our Very division Of SysteMs Analysis into *staget' has taoo

ambc .f a out-end-dried fla'arj, althwugb that divlisio is useful in order

to talk about soM ooneptwJ. issues am at a time. In Practissc anobwd is I
fliely to glvn pm a woblso neatal and correctly forwlatas, with the

Sdsttfiteation of relevant 1aitnativeca a matter for simple, enumeration4

and the ether stages to follow. One of owr senior pnc~tittitoerv of tin

art of Systais kalmius, insists that the term itself Is urdecrtunate and

-9 a~beUl be replaced by Systa~s Design# In his view the perception of the I
pobla wAd the tindlr4 of relsn~nt dlteAtines rar thA ey crereative par+s$I



* ~ ~ at irntatr-tn: :or i-ts jt$•n rv ;4A -hso i ~tttu~

these qzalitiesa carnt IVe tatuj"t in tams of &ýnertl 34topesora

rules. On* nn onll r"p4at adrtittcrtsr Z3yrata 1nATis~ Is -o ribitt-4

tute for sons*," and. "There w- &aithowr peciens rr suntitutss foý.

Sasstiese tean stress Is properly put upa all the ttffimultime that

preclude, a daftittiva analyis of decision protlims In terme of £ full-

f114g4 scientific discipline, on* encunters the foflosing Zort of

* reation to a St~atr: *There are so nany iwpcrderbleso In the siuxtus.in,

so ww uareain aUt I just have r& faith in the reults thatj

wwroftimAllthisý o daa sd-dSscussi~n. I pvtfz to re-id Ito

mid thereforo I amid Systase Analysis.'0 There is a direct answer to thids9

t~'e of understandable objection. The dtffteultin are Intrin~sio in the

satir of the jumble that are atmiled. They as rot dif'flwutiss thatI
It~~ arenrftet onto thtm problas just be~aus. particular techniques are

brwAght to bear an tbin. The am burden of umertia-Tit nut be borne by

am=o* %in tries rationally to arriv, at deciuions. The an tie s"ITe

eqolnx jioblew In the span .f five sidiasn the intuitive bests of

'uemmr tfltar7 or busiast Ju~pect and szperiunaes" st hat is certainly

piesible, say then forget about it and sloop *eaily at nlgnt. In seontrest,
Ab t an who bas mwi tue year, az :-a involved syste Analysis of the

sum prublnm my sloep, badly, but only because he bas becoe aoute~y awnl

* of all the pitfalls in fthe problam.



ampls time rAd O.p-portUn'ty to brir4 t.ntir ooeirn~d dinrus ",4me>rimrCe 4a

bear upon the ;roblacs, they zertaizlj o¶Ljht to be ab1a to In eenailercX~ty

bettor than one haransse Zimndw ho, i. ,tiren, say, thr'e %nths tosov

an iapoeuibly bX& probldm with litti. assistancoe. And t.hey ought -to do

better even when the ccwparison is & fairer one.*

tic. to 0W3.Ci probingt by antalysis, eym though the arnraxties are

gr.at. To be mian, m±q problems by their vfry natiwe are so osqlax that

-e wv3A neve be confideit that the best result had beon fwrtu4 At the

s&a. tire. very useful renults may be achiwyad. In particular, *oe mY&

tackle a pnblsa La order to find a better rather than the beet solutton.j

Insrtead of startiag tith% clean Jrsting boardj, looking At All, the we]..-

vat siteruatiwees that can be aiscovened, &Md midnerir4 to find the

beet,, onemy take as a .tArtI;-g point the iosting program or pattern of "
ecidler. that, mica. sahrtlj altered, will 'ind th fu ture Tkidng that4

*as a sarting peint, in *at respects does the program sme to be dean- I
stably bad? If awh rospoets can be (etuA, one can proceed to theR

deamstntien that they arc. bed. One meeks an alternative pngrem that

ear be cqeaote to do better in the lik9Veysontiagencyv end yet te better

adapted to nest =Imlkety but peseible ecatircosudes. Probably ne w44 4I
be bettor advised in nq prebles to tackle the doij of Ubette 71saim

rather t~ai tlý* &tabtrnot aaalymie of the beswt. it we did, we mightbe
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Sc0arir ?*CtVV.4ndat1otMs Tay '.'4 ;roduced.

It is •n17 ftair ta 4d that wtile 3ystema Anl.sli an ad omiht to

be much better thin corn% tontmal staff work it can be worse. Many syvtme

arnlajes sh"re an impres*•lY facade. h'e technical di:.osion in 1ig wA

coorri:&t~d,, the oharts art elegant,, the nathe.atiaal s-ppaxi.*o aro

formidable, and there is &"rat display of teohnical ju-,on amd virtuseity.

*h •c a facade can lmea very good anal7soe or it *an ino4al very bad

an&. Tf Lt at CJnee4.Ij 1,h i.4ia -.t may be imrse than (a rstysia at all.

The diff!iultiev of und*,"tandfrg th. toehnical display my L£pede ratboew

than ,!aailitate relevant cr1ttseim. The whole elaboraite structure can

""enaeal a big butch or a a b f ias in terms of arbitrorily exoluded alter'-

uatives, an Imrpiper eriterion, bad execution of the DAnyIis, or poor

* iztseprhtation of the routs.e but 11 tools uu be sed w abused. TIII

possibility of misuse need not and should not duo us the opportwuty to

ik. pod use of the a&vLA t*ools. Jfter a Me substitute for bad

404eJ.T1 is good a&5ulj798.0 Mew else do Wou "mv it to bWd?

* 4i


